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BACKGROUND OF THE INVENTION 

!• FIELD OF THE INVENTION: 

Th& present invention ralates to a head support 
5 meatianlsm proviaea in a magnetic disk apparatus for use in 
a computer etorasc apparatus and the like. More 
particularly, tne present invention relatas to an optimal 
head support mechanism for high*denslty data recording, and 
a ttlln film piezoelectric actuator suitable for the heart 
10 support mechanism. 

2. DESCRIPTION OF THE RELATED ART? 

Recently, the recording density of a magnetic disk 
provided in a magnetic disk apparatue has been vigorously 

15 increasftfi. A magnetic head for use in recording and 
reproducing data to and from a magnetic disk Is typically 
provided on a sli der - The slider carrying th<a magnetic head 
i6 supported on a head support mechanism provided in a 
magnetic disk apparatus. The head support mechanism has a 

20 head actuator arm to which the slider is attached* The head 
actuator arm is rotated by a voice coil motor (VCM] , The 
head provided on the slider is placed aL an arbitrary 
position on a magnetic disk by controlling the voice coil 
motor . 

25 

High-denslty data recording on a magnetic disk 
requires a high level of precise positioning of the magnetic 
head. In the case where the positioning of the magnetic head 
is performed by the VCM rotating the head actuator arm, there 
30 is a problem in that the positioning of the magnetic head 
is less precise. To avoid such a problem, a head support 
mechanism has already been proposed which achieves 
high-precision positioning of the magnetic head* 
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Figuro 45 le a top viow illustrating a conventional 
head support mechanism 400 for use In a magnetic dlslc 
apparatus. A head 402 ie ueed to record and reproduce data 
S to and from a rotating magaetlc disk (not shown) . The 
head 402 is supported on an end portion of a suspenelon 
arm 404 1 The other end portion of the auapenaion arm 4oa 
is supported on a projection portion 408 provided in the 
tip portion of a carriage 406 m such a manner as to rotate 
10 within a amall angle range on the projection portion 408. 
A base portion of the carriage 406 is supported on an axis 
member 410 £ixed to a housing o£ the magnetic disk apparatus 
m such a manner as to rotate on the axis member 410. 

15 A permanent magnet {not shown) Is fixed to the 

carriage 406. A drive coil 414 as a part of a magnetic 
Circuit 412 fixed to the housing is controlled by an 
excitation currant flowing therethrough. The carriage 406 
is rotated on the axis member 410 by Interaction o£ the 

20 permanent magnet and the drive coil 414. Thereby i the 
head 402 is moved in a substantially radial direction of 
a magnetic disk* 

A pair of piessoelectxic elements 416 ore provided 
25 between the carriage 406 and the suspension arm 404. The 
longitudinal directions of the piezoelectric elements 416 
are slightly deviated from the longitudinal direction of 
the carriage 406 in opposite directions. The suspension 
arm 404 is rotated within a small angular range on the 
30 pro^lectlon portion 408 and along a surface of the 
carriage 406 by expansion or contraction along a direction 
indicated by arrow A14 of the piezoelectric elements 416. 
Thereby, the head 402 attached to the tip portion o£ the 
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suspension arm 404 is rnQved along a surface of a magnetio 
disk within a small range eo that the head 402 can be 
precisely placed at a desired position on tne magnetic disk. 

5 in tlie conventional naad support mechanism 400 of 

Figure 45 j each piezoelectric element 416 is interposed 
between the suspension erm 404 and tne carriage 406. side 
portions in the longitudinal direction of each 
piezoelectric element 416 contact the iRTispension arm 404 

10 and the carriage 406. Deformation of each ple^oeleuLric 
element 416 cauaas the suspension arm 404 to be rotated so 
that the head 402 is slightly displaced. In other words « 
a voltage is applied to each piezoelectric element 416 to 
cause the rotation of the suspension arm 404, resulting la 

If) a sma LL displacement of the head 402, However, the head 402 
does not always lollow the voltage applic^d to each 
piazoelefitrlc element 416 with great precision. It is thus 
unlikely that the head 402 is precisely placed at a desired 
pes it ion - 

20 

SUMMARY OP THE INVENTION 

According to one aspect of the present invention, 
a head support mechanism Includes: a slider for carrying 

25 a head at least for performing reproduction of data from 
a disk; and a holding portion for holding the slider. The 
holding portion includes i a first portion including a first 
piezoelectric element ; a second portion including a second 
piezoelectric element? a third portion connected to the 

30 first and second portions, the slider being provided on the 
third portion; and a fixing portion for fixing the first 
and second portions. At least one of the first and second 
piezoelectric elements Is contracted and expanded In a 
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direction substantially parallel to a surface of ths aisK. 
in the preeeno© of an applied voltage so that the slider^ 
provided on the tnird portion is rotated around a 
predetermined center of rotation. 

In one embodiment of this invention^ the head 
support mechanisin further Includes a load beam provided at 
a aide of the holding portion opposite to the slider. The 
load beam mcludaa a dimple projecting toward the slider 
in such a manner as to apply a load to the slider • The holding 
portion further Includes a first joining portion for joining 
the first and third portions, and a second joining portion 
for joining the second and third portions. The dimple is 
provided at a substantially middle point between the first 
and second joining poztlons. 

In one embodiment of this invention, the first and 
second joining portions Include first and second elastic 
hinges, respectively, each having a width sufficient to 
reduce a load required for rotation of the slider. 

In one embodiment of this invention, the first and 
second portions include first and second conductor patterns 
provided along the first and second elastic hinges, 
respectively . The first and second elastic hinges each have 
a minimum width raguired for providing the first and second 
conductor patterns, respectively* 

In one embodiment of this invention, the head 
support mechanism further includes: a load beam provided 
at a side of the holding portion opposite to the slider; 
and a slider holding plate provided between the third portion 
included in th© holding portion and the load beam. . The load 
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beam includes a dimple projecting toward tlie alider in suoli 
a manner as to press th© third portion via the elider holding 
plate. The slider holding plate has such a shape that the 
center of gravity of a combination of the slider holding 
5 plate and the slider substantially corresponds to the 
predetermined oentcr of rotation* 

In one embodiment of this invention, the load beam 
includes a regulation portion for reflulatlng the slider 
10 holding plate. 

In one embodiment of this invention i the dimple 
contacts a point of the s.llder holding plate to support the 
slider holding plate pressing the third portion In such a 
15 manner that the third portion can be rotated In all 
directions Including a pitch direction, a roll direction, 
and a yaw dlrftctlon. 

In one embodiment of this invention, the head 
20 support mechanism further Includes s a load beam provided 
at a side o£ the holding portion opposite to the slider: 
and a slider holding plate provided between the third portion 
inesluded in the holding portion and the load beam- The load 
beam includes a dimple projecting toward the slider in such 
25 a manner as to press the third portion via the slider holding 
plate. The slider provided on the third portion Is rotated 
on the dimple acting as the predetermined center of rotation. 

In one embodiment of this Invention, the second 
30 portion is provided in such a manner that a distance between 
the second portion and the surface of the disk is 
substantially equal to a distance between the first portion 
and the surface of the disk. 
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In one ambodiment of this Invention r the first 
portion Includes a first electrode for applying a voltaqe 
to the first piozo«ilectric element; and the second portion 
5 Includes a second alectroae for applying a voltage to tne 
second piezoeleotria element* 

In ono embodiment of this invention, the first 
portion includes a first substrate. The second portion 

10 included a eecond substrate p The first and second 
substrates are provided along a tangential dlrecticn of the 
diek. At loast one of the first and second plesoelectric 
elements is contracted and expanded in a direction 
substantially parallel to the surface of the disk in such 

15 a manner that ar. least one of the f irst end second substrates 
is bent in a direction nearing or leaving the disk, ©o that 
tne Slider carrying the head Iss rotated by a small amount 
in a yaw direction. 

20 In one embodiment of this invention, at least one 

of the f IriBt and second piazoalectria elements Is contracted 
and expanded in a direction substantially parallel to the 
surface of the disk in such a manner that only one of the 
first and second substrates Is bent In a direction naaring 

25 or leaving the disk, so that the slider carrying the head 
id rotated by a small amount in a yaw direction. 

In one embodiment of this invention, the first and 
second portions further include first and second flexible 
30 materials covering the first and second piezoelectric 
element© and the first and second substrates, respectively - 

In one embodiment of this invention, the slider has 
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an air tearing surface on which an appropriate air flow is 
generated between the slider and the rotating diak« The 
third portion is arranged so that a center position of the 
air bearing etirfaoo substantially oorrcaponda to the 
5 preaetermlned canter of rotation. 

Aodorai.ng to another aspect of the present invention, 
a head support mechanism Includes? a slider for carrying 
a head at least for performing reproduction of data from 

10 a disk; and a holding portion for holding the slider. The 
holding portion includes s a first portion including a first 
plesoelcctric element? a second portion including a second 
plestoelectric alement; and a fixing portion for fixing the 
first and second portion. At least on© of the first and 

15 second piezoelectric elements is contracted and expanded 
in a direction eubslaiitlally parallel to a sur£acB of the 
disk, in the presence of an applied voltage so that the slider 
Is rotated around a predetermined center of rotation. The 
head support mochaniem further includeej a load beam 

20 provided at a side of the holding portion apposite to the 
slider; and a slider holding plate provided between the 
holding portion and the load beam and provided at a position 
corresponding to the slider* The load beam inoludee a 
dimple projecting toward the slider in such a manner as to 

25 press the third portion via the slider holding plate. The 
slider holding plate has such a shape that the center of 
gravity of a combination of the slider holding plate and 
the slider substantially corresponds to the predetermined 
center of rotation - 

30 

In one embodiment of this invention r the holding 
portion further includes a third portion, the slider being 
provided on the third portion. At least one of the first 



29 2C0: 23:52 MffliOSi 



P, 10C/:12 



P34738 

- 8 - 

and secona piezoelectric elements is contracted and 
expanded in a direction aubatantlally parallel to the 
surface of the dlsic, in the prasenaa of appll^^d voltage bo 
that the third portion is rotated around the predetermined 
5 center of rotation. 

In on© ©mbodiitient of thiss invention, the holding 
portion includes a firat joining portion for .loinlng the 
first and third portions, and a second joining portion for 
10 joining the second and third portions. The dimple is 
provided at a suhstantially mlddla point between the first 
and second joinlnc} portions. 

In one embodiment of this Invention, the slider is 
X5 rotated on the dimple corresponding to the prcdcteiroinsd 
center uf rotation. 

In one emnodiment of this invention, tne second 
portion Is provided in suoh a manner that a distance between 
20 the second portion and tne surface of the disfc la 
eubetantially equal to a distance between the firat portion 
and the surface of the disX. 

According to still another aspect of tne present 
25 Invention, a method for producing a thin film piezoelectric 
element i includes the steps of: a) forming a first metal 
electrode film, a first thin film piezoelectric element, 
and a second metal electrode film on a first substrate In 
this order,' b) forming a third metal electrode film, a 
30 second thin film piezoelectric element, and a fourth metal 
electrode film on a second aubstrate in this order; 
c) attaching the second metal electrode film to the fourth 
metal electrode film; d) removing the first substrate by 
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etching; e) shaping the first metal electrofle film, tne 
first thin film piozoelectrlo element, the second metal 
electrofle film, the fourth metal electrode film, the seconcL 
thin film picaocleotrlc element, and the third metal 
5 electrofle film; f ) covering the first metal electrode film, 
the first thin film piezoelectric element, the second metal 
ftiectrofle film, the fourth metal electrode film, the second 
thin film plezoelectrio element, and the third metal 
alactrode fUm, with a coating resin; and g) removing the 
10 second substrate by etching « 

In on© embodiment of this invention, the Ilrst and 
second substrates are each a mono-crystal substrate, 

15 In one embodiment c£ this invention, the linear 

expansion coefficient of the first substrate is greater than 
the linear escpanaion coefficient of the first thin film 
piezoelectric element . The linear expansion coefficient of 
the second substrate is greater than the linear expansion 

20 coefficient of the second thin film piezoelectric element. 

In one embodiment of this invention, step c) 
includes attaching the second metal electrode film to the 
fourth metal electrode film using a conductive adhesive. 

25 

in one embodiment of this invention, step c) 
includes attaching the second metal electrode film to the 
fourth metal electrode film using a thermal melting 
technique using ultrasonic vibration* 

30 

In one embodiment of this invention, step a) 
includes forming the first thin film piezoelectric element 
in such a manner thai a polarizaLlon direction of the first 
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thin film piezoelectric element substantially corresponas 
to a direction perpendioular to a surface of the first thin 
film piezoelectric element. Step t>) inclufles forming tne 
second thin film pleaoeleotric element in euoh a manner that 
5 a polarization direction of tne eeconci thin film 
pieaoelectria element aubatantially corresponds to a 
airectlon perpendirAiiar to a surface of the second thin film 
piezoelectric element* 

10 According to still another aspect of the present 

invention, a thin film piezoelectric dsvice includes i a 
first metal electrode film; a first thin film piezoelectric 
alamant provided on the first metal slectrode film; a second 
metal electrode film provided on the first thin film 

15 piezoelectric element; a third metal electrode film; a 
second thin film piezoelectric element provided on Ihes third 
metal electrode film; a fourth metal electrode film provided 
on the second Lhin film piezoelectric element; and adhesive 
means for attaching the second metal electrode film to the 

20 fourth metal electrode film. 

In one embodiment of this invention i the thin film 
piezoelectric device further includes voltage applying 
meane for applying a voltage to the thin film piezoelectric 
25 device. The voltage applying means includes! a first 
terminal for applying a driving voltage to the first and 
third metal electrode films i and a second terminal for 
grounding the second and fourth metal electrode films. 

30 According to still another aspect of the present 

invention, a head support mechanism Includes: a slider for 
carrying a head; and a holding portion for holding the slider - 
The holding portion includes; a. first portion including a 
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first plezoelecLrio element; a second portion Incluaing a 
second piesoeloctrlo element; a third portion oonncoted to 
the first and second portions, tne siifler Deing provided 
on the third portion j and a fixing portion for fixing the 
5 first and second portions. Tna first and second 
pieaoeleotrio element g include the above -described thin 
film plezoelectrifl device. 

Tnus, the Invention described herein malceig poiS«aible 
10 the advantages of providing; (1) a head support mechanlHin 
tor use In a dlak apparatus, which enables a head to move 
by a small displacement with great precialon for the purposes 
of tracking correction and the like for a magnetic disk and 
the like; (2) a head support mechanism for use in a disk 
1?5 apparatus, which enable© a head to move by a small 
displacement with groat precision by control of a volLage; 
and (3) a thin film piezoelectric actuator preferably used 
for such head support mechanisms. 

20 These and other advanLaftee of the pre»e«i: invention 

will become apparent to those skilled in the art upon reading 
and understanding Lhe following detailed description with 
reference to the accompanying figures* 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view illustrating a head 
support mecnanism according to Kxample 1 of the present 
invention* 

30 

Figure 2 is an exploded, perspective view 
illustrating the head support machaniam of Example 1- 
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Figure 3 Is a perspective view Illustrating a slider 
for use in the head support mechanism of Example 1* 

Figure 4 is a bottom view of a major part of a thin 
5 film piezoelectric element substrate for use In the head 
support xnechaniam of Example 1. 

Figure 5 is a top view illustrating a major part of 
the thin film pieTioelectric element substrate of Example 1. 

10 

Figure 6 is a cross -sectional view of Figure 2 taken 
along line X-X« 

Figure 7 is a cross-sectional View of Figure 4 taken 
15 along line Y-Y. 

Figure 8 is a side view of a major part of the head 
suppoxL mechanism of Example 1, used Cor explaining 
operation thereof. 

20 

Figure 9 is a side view of a major part of the head 
support EiiBchanlsm of Example I, used for explainincr 
operation thereof. 

25 Figure 10 is a top view of a ma j or part of the head 

support mechanism of Example 1, used for explaining 
operation thereof. 

Figure 11 is a perspective view illustrating a head 
30 support mechanism according to Example 2 of the present 
invention . 

Figure 12 is an exploded, perspective view 
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Illustrating the head support mechdiUsm uf Example 2, 

Figure 13 Is a perspective view illustrating a 
slider for use in the head support xnachanism of Example 2. 

5 

Figure 14 is a top view illustrating a major part 
of a thin film piezoelectric element substrate for use in 
the hoad eupport mechanism of Example 2, and the vicinity 

tnereof . 

10 

Figure 15 is a bottom view illustrating a major part 
of the thin film piezoelectric element substrate of 
Example 2, and the vicinity theraof . 

15 Figure 16 is a cross-sectional view of Figure 12 

taken along line X-X. 

Figure 17 is a cross-sectional view of Figure 13 
talcen along line Yl-Yl. 

20 

Figure 18 is a side view of a major part of the head 
support mechanism of Example 2, used for explaining 
operation thereof, 

25 Figure 19 is a side view of a major part of the head 

support mechanism of Example 2, used for explaining 
operation thereof, 

Figure 20 is a top view of a major part of the head 
30 support mechanism of Example 2. used for eKpiaining 
operation thereof. 

Figures 21A and 21B are schematic diagrams used for 
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explaining operation the neafl support mechanism of 
Example !• 

Figures 22A and 22B are schematic diagrams uaed for 
5 explaining operation thft head support mechanism of 
Example 2. 

Figures 23A through 23C are perspective views 
illnsitrating vibration modes of a load beam of Example 2, 

10 

Figures 2AX and 24B are graphs showing reeponee 
characteristics or the head eupporl: xiieuhanism of 
Figures 21JI and 2 IB. 

15 Figures 25A and 25B are graphs showing reeponsa 

charactexibLics of the head support mechanism of 
Figures 22A and 22B. 

Figures 26A and 26B are schematic diagrams used for 
20 explttlaing the operation of the head support mechanism as 
a variation of Example 2. 

Figures 27A and 27B aro graphs showing response 
characteristics of the head support mechanism of 
25 Figures 36A and 2fiB. 

Figure 2S is a perspective view illustrating a head 
support mechanism according to Example 3 of the present 
invention • 

3D 

Figure 29 is an exploded ^ perspective view 
Illustrating the head support mechanism of Example 3* 
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Figure 30 is a perspective view illustrating a 
slider £or use in the head support mechanism of Example 3. 

Figure 31 ie a diagram illustrating a structure of 
5 a flexure Cor use in tae neaa support mechanism of Example 3 . 

Figure 32 is a top view illustrating a thin film 
pieEOClcotrio element o£ Example 3. 

10 Figure 33 is a oross- sectional view of Figure 32 

taken along line Xl-xi. 

Figure 34 is a top view illustrating the flexure for 
use in the head support mechanism of Example 3. 

15 

Figure 35 ie a croec- sectional view of Figure 34 
taiceti along line X2-X2. 

Figure 36 is a bottom view illustrating the flexure 
20 for use in the head support mechaniem c£ Example 3. 

Figure 37 is a cross -sectional view of Figure 34 
taken along line Y2-y2 where the thin film piezoeleetrio 
element is attached to the flexure « 

25 . 

Figures 38A through 38C are diagrams showing a 
procedure for forming the thin film piezoelectric element 
of Example 3 and electrodes thereof on a mono-cryBtal 
substrate • 

30 

Figures 39A through 396 arc diagrams showing a 
procedure for forming the thin film piezoelectric element 
of Example 3 having a two-layer structure on a mono-C3T?'atal 
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substrate • 

Figure 40 Is a flowchart showing a methoCi for 
producing tho thin film plesoalaetrio alamdnt of Example 3 • 

5 

Figure 41 is a oroee-eeotional view illustrating an 
electrode connection portion of the thin film piezoelectric 
element of Example 3» 

10 Figure 42 is a side view of the head support 

mechanism of Example 3. 

Figures 43A through 43C are diagrams including a 
cross -sectional view of the thin film piezoelectric device 
15 and graphs of appi led voltage, used t:or ftiqp lalning operation 
of the head support mechanism of Example 3. 

Figures 44A and 44B are top views illustrating a 
aahematifl structure of the head etipport mechanism of 
20 Example 3, used for ejcplainii^g operation thereof. 

Figure 45 is a top view illustrating an example of 
a conventional head support mechanism. 

25 DESCRIPTION OP THE PREFERRED EMBODIMENTS 

Hereinafter, tne present invention will he 
daacribftd by way of illustrative examples with reference 
to the occomponying drawings. 

30 

(Example 1) 

Figure 1 is a perspective view illustrating a head 
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support mectianlsm 100 f ujt use in a disk apparatus according 
to Example 1 of the present Invention, viewed from a disk 
side. Figure 2 Is an exploded, perspective view 
illustrating the head eupport mechanism 100. 

5 

Referring to Figures 1 and 2, the head aupport 
mecnaniam lOO has a load beam 4, on a tip portion of wfticih 
a slider 2 having an attached head 1 is supported. The load 
beam 4 includes a isase portion 4A whlcn is fixed by beam 

10 welding to a base plate 5 attached to a head actuator arm. 
The base portion 4A and the baa© plate 5 eaoh have a simi Tar 
square ehape* The lood beam 4 includes a neck portion 4B 
tapering from the base portion and a beam portion 4C 
extending straight from the neck portion 4B. An opening 

15 portion 4D is provided in the middle of the neok portion 4B. 
In the neck portion 4B, portions on the opposite sides o£ 
the opening portion 4D each function as a plate spring 
portion 4E. 

20 A slider holding plate 3 is provided on the tip 

portion of the beam portion 4C of the load beam 4 in such 
a manner as to rotate. 

The slider holding plate 3 is provided with a 
25 projection portion 3A which projects toward the base 
portion 4A. of the load beam 4, In the tip portion of the 
beam portion 4C, a dimple 4G is provided which contacts and 
presses the projection portion 3A. The slider holding 
plate 3 is placed on the tip portion of the beam portion 4C 
30 and is engaged with each regulation portion 4F in such a 
manner that the projection portion 3A is pressed and held 
by the dimple 4G. Therefore, the slider holding plate 3A 
can be rotated on the dimple 4G in all directions. 
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The regulation portion 4.F is provided on each eido 
edge of the tip portion of the laeam portloa 4C. Tne 
regulation portions 4F are engaged with the respective Bide 
5 edges of the slider noiding Diate 3 so that rotation of the 
slider holding plate 3 oan be regulated* Eaoh regulation 
portion 4F extends straight from the tip portion of the baam 
portion 4C toward the baae portion 4A. The aide edges of 
the siioer holding plate 3 are engaged with and regulated 
10 by the respective regulation portions 4F. 

k thin film piezoelectric drive conductor pattern 7 
and a tnin film plazoeleatrlG substrate 8 are provldad on 
the beam portion 4C of the load besm 4, The thin film 

15 piezoelectric substrate B is made of a conductive and rigid 
material I such as stainleae steel or copper* One end 
portion Of the thin film piftzoelaotrlG drive conductor 
pattern 7 is a thin film piezoelectric terminal holding 
portion 7A which is positioned around the middle of the beam 

20 portion 4G. The thin film piezoelectric terminal holding 
portion 7A is partially overlapped with a part of thin film 
piezoelectric substrate 6 . One end portion of the thin film 
piezoelectric substrate 8 is a 9lider attachment portion 8A 
which is provided on the slider holding plate 3* Further, 

25 thfi slider 2 carrying the head 1 is provided on the slider 
attachment portion 8A. 

The slider 2 is in the form of a rectangular 
parallelepiped as shown in Figure 3 . The head 1 including 
30 an MR (Magneto-Resistive) element is provided at the middle 
of an upper portion of a side SI at the boam portion 4C tip 
portion Side of the Slider 2. The slider 2 is placed in such 
a manner that the head 1 is oriented toward a tangential 
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line of a magnetic hsad. Further, four termiiisils 2A through 
2D are disposed in a transverse direction in a lower portion 
of the side SI of the slider 2. Further, an air hearing 
surface 2E is provided on an upper aide of the slider 2. 
5 An air flow generated by a rotating magnetic disk is passed 
in a pitoh direction of the slider 2 (a tangential direction 
of a magnetlG disk) so rnat an air luhrlaaring tiim is 
generated between the air bearing surface 2B and a magnetic 
disk. 

10 

As shown In FIgnrAS 2 and 3, a flftnter position Ml 
of the air bearing surface 2H substantially corresponds to 
tha projactlon portion 3A of the slider holding plate 3 
supported on the dimple 40, The slider 2 is supported on 
15 the Slider attachment portion 8A in. such a manner that the 
side Si of the slider 2 faoas the tip portion or the beam 
portion 4C of the load beam 4 . 

The slider holding plate 3 is held by the dimple 4S 
20 provided in the tip portion of the load beam 4 in such a 
manner that the slider holding plate 3 can be rotated on 
the projection porLion 3A by et small dlsplacexneiit: In all 
directions. Therefore, the slider 2 having its center 
position Ml on the projection portion 3 A can be rotated on 
25 the projection portion 3A by a small displacement in all 
directions . 

AS Shown in Figures 1 and 2, the other end portion 
of the thin film pieaoelootrio drive conduotor pattern 7 
30 is an external connection terminal holding portion 7B which 
is provided on an edge portion of the base portion 4A of 
the load beam 4. Three terminal portions ISA, and 15C 
are provided on the thin film piezoelectric terminal holding 
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portion 7A, and connected to respective external connection 
terminal portions 16A, ISBt and 16C which arc provided on 
the external connection terminal holding portion 7B. 

5 A terminal holding portion as is provided on an ftdgft 

portion opposed to the edge of the thin filin piezoelectric 
euhatrate B on which the slider attachment portion 8A is 
provided. The terminal holding portion SB is positioned at 
an edge of the base portion 4A of th« load beam 4. and at 
10 the neck portion 4b side with respect to the external 
connection terminal holding portion 7B, 

Figures 4 and 5 are a bottom view and a top view, 
respectively i illustrating the slider attacliment 
15 portion 8A and the vicinity thereof ^ o£ the thin film 
piezoelectric substraLe 8, 

As ahown in Figures 1 and 4, a pair of first and 
second conductor substrate portions SD and SE contiguous 
20 to the slider attacl'inienl: pur Lion Oh art: provided on the thin 
film piessoolectric fiubetrate 8. Ths conductor eubetrato 
portions 8D and fiSl extend straight from the slider 
attachznent portion 8A and are disposed a distance from each 
other «tnd in parallel. 

25 

Elastic hinge portions 8F and 6G each having a 
narrow Width are provided between the slider attachment 
portion BA and conductor substrate portions 8D and 8£ of 
the thin film piezoelectric substrate 8^ respectively* The 
30 elastic hinge portions sf and bs are elastloally bent in 
the same plane as the slider attachment portion SA. 

The thin film piezoelectric substrate 8 and the thin 
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film piezoelectric dxivs uynductor pattern 7 may be 
intagratad together. 

Figure 6 ie a croes-sectional view of the thin film 
5 piezoelectric substrate B taken along line x-x Bnown in 
Figure 2. Figure 7 is a croas- sectional view of the thin 
film piezoelectric substrata b taken along line y-y snown 
in Figure 4. 

10 As shown in Figures 5 and 6, the first and secona 

conductor substrata portions? 8D and BE are covered with a 
flexible material 6 made of a polymer such as polyimide* 
on upper surface s of the conductor substrate portions 8D 
and 8S, a pair of conductor patterns 12A and 12B eind a pair 

15 Of flonrtuctor patterns 12C and L2D are provided, extending 
along the conductor substrate portions 8D and 
respactivaly . The conductor patterns 12A and 12B are 
attached by the flejtible iwaLerial 6 Lo the oonduotor 
substrate portion 8D, The conductor patterns 12C and 12D 

20 are attached to the aonductor substrate portion 8E by the 
flexible material 6, 

As shown in Figures 2 and S , one and of the conductor 
patterns 12A, 12B, 12C and 12D are terminals which are 

25 provided on the slider attachment portion 8A. Further, the 
conduutur patterns 12At 12Bi 12C and 12D are laid on a 
conductor portion 8C of the thin film pieaoelectric 
substrate 8. The other ends of the conductor patterns 12A. 
12B, 12C and 12D are terminals whioh are provided on tho 

30 terminal holding portion 8B. Bach conductor pattern 12A 
through 12D is covered with the floafiible material 6. 

As shown in Figure 5, on an end portion {hatched 
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portion In Figure 9} uppoa@d tu Llie slider attachinent 
portion SA of the conductor substrate portions 3D and BE, 
a fixing member Cnot shown) is provided which cent acts ana 
£ix«e the thin film piezoelectric drive conductor 
5 patterns iSA, 15B and 15C (Jb^igure 2) with terminals 13A, 
13B and 13G (Figure A). 

Ad 0hown in Figure fi, first and second thin film 
piezoelectric elements llA and liB are provided under the 

10 first and second conductor substrate portions 0D and 8E, 
rsepectively. An upper iside electrode 9A and n lower side 
electrode 9B made of platinum arc provided on an upper aide 
and a lower side of the first thin film piezoelectric 
element llA, respectively- Similarly, an upper side 

X5 electrode 9A and a lower side electrode 9B mad© of platinum 
are provided on an upper side and a lower side of the second 
thin film piezoelectric element IIB, respectively - 

As shown in Figure 7. a short member 14 for shorting 
20 the conductor suhatrate portions 8D and 8E is provided on 
an end portion distal to the slider attachment portion 8A 
of each of the upper side electrodes 9h provided on the upper 
sides of the first and second thin film piezoelectric 
element e llA and llB, 

25 

As shown in Figures 4 and 7 , end portions proximal 
to the slider attachment portion 8A of the lower side 
electrodes 9B provided on the lower sides of tns first and 
second thin film piesoeleotrio elements llA and llB are not 
30 covered with the f lexihle material 6 ana are connected to 
terminals 13A and 13B, respectively. Therefore, the 
terminais 13A and 13B are exposed from the flexible 
material 6* Further, the terminal 13C is connected to a 
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lower surface of a miaaie portion la a width direction of 
a portion, oloea to tho oondyctor subetrato portions SD and 
BE of the conductor portion SC. Tbe terminal i3C is also 
expoeed from the floxiblo matorial 6, 

5 

The terminal 13C connected to the conductive 
conductor portion 8C and the upper electrodes 9A provided 
on the respective thin film piezoelectric elements llA and 
IIB are shorted by the slinrt mamhAr 14. 

10 

^ft terminals 13A through 13C (Figure 4) provided 
on the lower side of the conductor substrate portions SD 
and 8B are connected to the respective terminals 15A through 
15C (Figure 2} on the thin lilm piszoaleotric terminal 
15 holding portion 7A of the thin film piezoelectric drive 
conductor pattern 7 which is positioned axound Lhe iiiiddlti 
of the beam portion 4C. 

Kb shown in Figure 2, the slider 2 is disposed on 
ZO the slider attautunent portion OA of the thin film 
piezoelectric substrate 8 which ie provided on the slider 
holdixig plate 3. The slider 2 is connected via the four 
terminal portions provided on the slider attachment 
portion 8 to the conductor patterns 12A, 12B, 12C and 12D, 
25 respectively. 

Operation of the head support mechanism 100 having 
such a structure will be described with reference to 
Figurec 8 through 10 « The terminal portion 13G (Figure 4) 
30 provided at a linkage portion of the conductor substrate 
portions 8D and 8E of the thin film piezoelectric 
substrate 8 is get to the ground level via the thin film 
piezoelectric drive conductor pattern 7 (Figure 2}. As 
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Shown in Figure 7, since the terminal 13C shorts the upper 
side electzodee 9A provided on the upper sidos of the first 
and second thin film piezoelectric elements llA and iiB, 
the upper side electrodes 9k arc act to the ground level « 
5 A voltage is applied to one terminal 13A (Figure A] of 
tho first conductor substrate portion SD of the thin film 
piezoelQctriR substrate 8, and a voltage of zero Is applisd 
to the terminal 13B (Figure 4} of the second conductor 
suostrate portion BE, 

10 

Tn this way, the voltage Vq between the upper 
electrode SA and the lower electrode 9B of the first thin 
film piezoelectric element llA provided on the first 
conductor substrata portion dD is applied to the first thin 
15 film piezoelectric element llA. Meanwhile, a voltag© is 
not applied between Lhe upper elecLrode 9A and Lhe lower 
electrode 9B of the iseoond thin film piassoelectric 
element IIB provided on the second conductor substrate 
portion 8E, 

20 

As a reeult, the first thin film pieKoelectrie 
element llA extends in its longitudinal direction 
(indicated by arrow Al in Figure 8}« In this caee, since 
the conductor substrate portion 8P stacked on the first thin 

25 film piezoelectric element llA is made of stainleee steel, 
copper, or the like, the conductor substrate portion so is 
considerably rigid in the extension direct ion (indicated by 
arrow Al in Figure s). The first thin film piezoelectric 
element llA and the conductor substrate portion 6D are bent 

30 toward a magnetic disk due to a bimorph effect, as shown 
in Figure S. In contrast, since a voltage is not applied 
to the second thin film pieznftlftctrifi ©lament IIB, ths 
second conductor substrate portion SE is not substantially 
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bent . 

Figure lo is a top view illustrating states ot tne 
conductor substrate portions 8D and BE of the thin film 
5 piezoelectric substrate a. 

The first thin film piezoelectric element llA and 
the conductor substrate portion 8D which are bent are 
Shorter by a small displacement 61 than the second thin film 

10 piezoelectric element IIB and the conductor substraLe 
portion 8E which are not bent- As a result, the slidar 
holding plate 3 Is rotated by a small amount in a direction 
indicated by arrow A2 in Figure 10- Therefore, the 
slider 2 provided on the slider holding plate 3 is rotated 

15 on the dimple 4G (Figure 2) by a small amount in the same 
direction . 

Ill contrast, when the voltage applied to one 

terminal 13B of the second conductor substrate portion 8£ 

20 of the thin film piezoelectriu aubaLrale 0 and the 
voltage zero is applied to the terminal 13E of the flret 
conductor substrate portion 8D, the second thin film 
piezoelectric element IIB and the conductor substrate 
portion 6E are bent and the second thin film piezoelectric 

25 element llB and the conductor substrate portion 8E are not 
bent. Therefore, tne slider 3 is rotated on the dimple 4G 
by a small amount in a direction opposite to the direction 
maioated by arrow A2 m Figure IQ. The slider 2 provided 
on the slider holding plate 3 is also rotated by a small 

30 amount in the same direction. 

Therefore, the head 1 provided on the slider 2 Is 
moved along a width direction of each track provided in the 
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form of a conceatric ulrcla on a magut^Llc disk. Tharel?y, 
an on-track characteristic can be Improved. The on- track 
oharacteristlc means an ability of the head 1 to follow a 
track , 

5 

In this aaae, a load on the elastic hinge portions 8F 
and BG upon rotation of rhe slider attachment portion SA 
la reduced so that the slider attachment portion Bh can be 
reliably rotated, since the conductor patterns 12A, 12B, 
10 12C and 12D each have a minimum width. 

A load (20 to 30 mN} is applied to the slider 2 via 
ths plate spring 4E (Figure 2) of the load beam 4. When the 
slider holding plate 9 is rotated, such a load is applied 

15 between the dimple 4G (Figure 2) and the slider holding 
plate 3. Therefore ^ a frictional force determined by a 
f rifltlonal coefficient between the slider holding plate 3 
and the dimple 4<3 is applied Lo Lhe slider holding plate 3, 
Thereby, the frictional force prevents the slider holding 

20 plate 3 from being deviated from the dimple 4G, although 
the projection portion 3A o£ the slider holding plate 3 can 
be freely rotated on the dimple 46. 

The same voltage is applied to the first and second 
25 thin film piezoelectric elements llA and IIB so as to operate 
in the some manner. Alternatively, when the first and 
second thin film piezoelectric elements llA and llB are bent 
in the absence of applied voltage, voltages having opposite 
phases may be applied to the respective first and second 
30 thin film piezoelectric elements llA and iib to drive the 
first thin film piezoelectric element llA and the conductor 
substrate portion an, and the second tnm film 
piezoelectric element IIS and the conductor substrate 
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pur t ion 8E. 

Furtner. in the example shown In Figure 8, a voltage 
is applied to the first thin film piezoelectric element llA 
5 SO that the first thin film piezoelectric element llA is 
bont to become a convex shape. Alternatively, a voltage may 
be applied to the first thin film piezoelectric element llA 
so that the first thin film piezoelectric slament llA Is 
bent to become a concave shape, 

10 

In Example 1, when the head 1 is moved in a radial 
direction of a disk, the displacement magnitude or the head 1 
was about 1 \m where the thin film piezoelectric substrate 8 
wad about 3 ^in thick « the first and secoad Ihla film 
15 piezoelectric aleiriQnts llA and llB each were about 2 pa 
thick, the lengLh of first and second thin film piezoelectric 
elements IIJL and IIB each were about 2 mm, and a voltage 
of 3 v was applied between the upper and lower electrodes 9 A 
and 9B, 

20 

Since the Blider holding plate 3 ie supported on the 
dimple 4G in such a manner that the slider holding plate 3 
can be rotated in all directions, the frictional loss of 
the slider holding plate 3 upon rotation can be 

25 significantly reduced. Therefore, a small magnitude of 
driving force can lead to a great amount of displacement 
of the head 1. Further, the slider 2 is supported in such 
a manner that the slider 2 can be rotated on the center 
position HI of the air bearing surface 2B. Therefore, the 

30 position o£ the head i on the slider 2 is unlliceiy to be 
disturbed by a frictional force due to the viscosity of air. 

In Example 1, the beam structiare composed of the 
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conductor substrates 8D ana BE ana the cnin film 
piezoeleotrio elements ilA and IIB ia considerably rigid 
In the airectlon Al shown m Figure a. THerefore, the 
vibrational resonance point of the head support 
5 mecnanism lOO can be structurally set to n high value. 
Thereby r the head support meohanlsm 100 can operate with 
an ^sitceilent response characteristic when the thin film 
piezoelectric elements are driven at high frequency • 

10 (Example 2) 

Example 2 of the present invention will be described 

below * 

Figure 11 Is a perspeollve view illusLrallxig ahead 
15 support mechanism 200 for uee In a disk apparatue according 
to Example 2 of the present Invention, viewed from a dlsJc 
gide. Figure 12 is an exploded, perspective view 
illustrating the head support mechanism 200. Components 
similar to the corresponding components described in 
20 Exoiuple 1 are aesignated by the same reference numerals as 
used in Example 1. Ofhe description of such components is 
therefore omitted. 

The head support mechanism 200 of Example 2 
25 includes: a slider 2 carrying a head li a slider holding 
plate 103 noiaing the slider 2; a load beam 4 supporting 
the slider 2 and the slider' holding plate 103 in ©uoh a 
manner that the slider 2 and the slider holding plate 103 
can rotate? a thin film piessoelectric plate 8 for rotating 
30 the slider Zr a first conductor pattern 12 provided so as 
to extend from an end of the thin film piezioelectric plate 0 ? 
and a second conductor pattern 7 provided along the first 
conductor pattern 12 « 
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The load beam 4 Includes t a square-shaped base 
portion 4A; a necx portion 4B; azid a tapering beam 
portion 4C extending from the neok portion 4B. 

5 

A square- shaped base plate 5 la attached by beam 
welding to a botrom aide of^ trie base portion 4A of tHe load 
beam 4« The base plate 5 is also attached to a head actuator 
(not Shown ) in such a manner that the base plate 5 can rotate . 

10 The lood beara 4 is rotated on the bass portion 4A in auch 
a manner that the tip of the beam portion 4C i.e moved 
substantially in a radial direction o£ a magnetic disk (not 
shown) . That is, the load beam 4 is driven to rotate so that 
the head 1 is moved substantially in a radial direction of 

15 a magnetic disk- 

An opening portion 4D is provided in a middle of the 
neck portion 4B of the load beam 4 . In the neok pur blon 45, 
portions on the opposite sides of the opening portion 4D 

20 each function as a plate spring portion 4E. The beam 
portion 4C is elastically displaced in a direction 
perpendicular Lo a aurface of a mdsnetlc disk by the plate 
spring portions 4E. The elastic dieplacoment of the beam 
portion 4C causes a load to be applied on the slider 2 

25 provided on the tip portion of the beam portion 4, 

A hemiephere-ehaped dimple 4<S projecting upward ie 
integrated into the tip portion of the beam portion 4C, 
Further, a pair of regulation portions 4P extending 
30 straight from the tip portion of the beam portion 4C toward 
the base portion 4A are provided on the tip portion of the 
beam portion 4C. There is an appropriate gap between each 
regulation portion 4F and the upper surface of the bean 
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portion 4C. 

ThB Bliaer holding plate 103 Is provldea on the tip 
portion of the beam portion 4C. The slider 2 is provided 
5 on the slifler hoiaing plate 103 via the tip portion of the 
thin film ple^oelcctrio substrate 8. As shown izi Figure 12, 
a substrate junction portion 103B, which is joined to a lower 
side of the tip portion of the thin film pleaoelectrlo 
substrate 8^ is proviaea at a tip portion or tne slider 

10 holding plate 103. The slide holding plate 3 includes a 
pair Of balance weight portions 103C extending toward the 
base portion 4h. A semicirole- shaped projection 
portion 103A slightly pro Jftntlng toward the base port ■! on 4A 
is provided in a middle of the slider holding plate 103 and 

15 hfttween the pair of balance weight portions 103C. 

The slider holding plate 103 is supported on the 
dimple 4G provided on the tip portion or the beam portion 4C 
of the load beam 4 where a lower side of the projection 

20 portion 103A contacts a point of the dimple 43. The balance 
weight portions 103C are provided at a small gap from the 
regulation portions 4F provided on the tip portion of the 
beam portion 4C, Therefore, the slider holding plate 103 
can be rotated in all directions so as to be displaced by 

25 a small angle along with the slider 2 provided on the slider 
holding plate 103. The center of gravity of the roLaLable 
slider holding plate 103 carrying the slider 2 
substantially corresponds to the center point of the 
rotation, i.e.^ the dimple 40. 

30 

Figure 13 is a perspective view illustrating a 
slider 2. The head i including an MR element is provided 
in a middle of on upper edge portion on a tip side of the 
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slider 2, Foiar texxnlnale Zh through 2D axe ai^ranged in ei 
transverse dir«otion in a lower edga portion o£ the tip side 
of the slider 2. An upper side of the slider 2 faces a 
surface of a magnetic disk. Further, an air bearing 
5 surface 2E Is provided on the upper side of the slider z. 
An air flow generated by a rotating magnetic disk la passed 
In a tangential direction of the magnetic fllsic so that an 
air lubricating film is generated between the air bearing 
surface 2E and the magnatlc disk. 

10 

A center position Ml of the air hearing surface 2E 
substantially corresponds to the dimple 46 on which the 
slider holding plate 3 is rotated and which substantially 
corresponds to the center of gravity of the slider holding 

15 plate 3 . Tha s 1 1 der 2 is supported on the e lider attachment 
portion OA in such a manner that the side SI of the slider 2 
faces the tip portion of the baam portion AC of the load 
beam 4. The slider 2 can be rotated on the center 
position Ml of the air bearing surface 2E by a small amount 

20 in ell of the following directions i a pitch direction which 
1.S a direction of rotation around an axis in a longitudinal 
direction of the beam portion 4C through the head Ij a roll 
direction which' is a direction of rotation around an axis 
along the air bearing surface 2E perpendicular to a 

2^ 1 ongi tudinal axis of the baam portion dCj and a yaw direction 
which is a direction of rotation around an axis perpendicular 
to both the center axis of the pitch direction and the center 
axis of the roll direction. When the slider 2 is rotated 
by a small displacement angle in the yaw direction, the 

30 head 1 is moved by a small displacement substantially in 
a radial dirootion of a magnetic disk* 



Note that the head 1 is disposed ao as to face a 
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surface of a metgnatlc aisK, and more specifically, to face 
in a tangential direction of the magnetlo disk. 

Figures 14 and IS are top and bottom views 
5 Illustrating the tnin film piezoelectric substrata B 
provided on the load beam 4 and the vicinity thereof. 
Figure 16 is a nross -sectional view taken along line X-X 
shown in Figure 12. Figure 17 is a cross -sectional view 
taJcen along line Yl-Yl shown in Figure 15. 

10 

As shown in Figure 12. the thin film piezoelectric 
subetrate 6 is in the shape of a rectangle extending from 
the tip portion of the load beam 4 toward the base portion 4A 
of the load beam 4 . The thin film piezoeleotric substrate B 
15 is provided along a surface of a magnetic disk. The thin 
film piezoelectric substrate 8 may be made of a fleidble, 
th1n stainless steel plate or the like. 

As shown in Figures 14 and 15, the slider 2 is 
20 attached to the upper ^sida of the Lip porLloJi of Lhe Lhlu 
film piezoelectric substrate 8, while a slider support 
portion dA is provided on the lower side of the tip portion 
of the thin film piezoelectric substrate 8, The slider 
support portion SA is joined to the substrate Junction 
25 portion 3B of the slider holding plate 103- Substantially 
half of the tip portion aide of the slider 2 is provided 
and attached to the slider support portion 8&, 

A pair of transformation operation portions 8D and 
30 BE whldh are transformed in a direction perpendicular to 
a surface of a magnetic disk with different phases, are 
provided at an end at the base portion 4A side of the slider 
support portion 8A, via elastic hinge portions 6F and BO. 
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Thus /the transforjneitiDn operation portions 6D and 6& are 
integrated with the slider support portion 8ft, A fixed 
portion 8C is provided on the upper Bide of the team 
portion 4C of the load beam 4, 

5 

The pair of trona formation operation portions 8D 
and BE are disposed in paraLiei enn fisparsea at a prftdetermlned 
gap by providing a slit In an intermediate portion in a width 
direction of the thin film piezoalectric auhatratfl 8, The 

10 pair o£ elastic hinge portions BP and SG are formed by 
reducing the width of tip portlonis of the transformation 
operation portions 8D and es. The slider support 
portion BX can be rotated in the directions other than the 
yaw direction due to the elastic hinge portions OF and 8G* 

15 Therefore, the slider 2 which is provided on the upper gide 
of the slider support portion 8A and the slider holding 
plate 103 provided on the lower side of the slider support 
portion 8A is not jrotated in the yaw direction. 

20 First and second thin flliTi piezoelectric 

elements HA and llB are provided on the lower side of the 
thin film piezoelecLrlc substrata 8. The flrsL and second 
thin film piezoelectric elemente HA and llB axe provided 
on the lower side of the pair of transformation operation 

25 portions 8D and 8E and on the lower aide of the fixed 
portion 8C, resulting in a multi-layer structure. The thin 
film piezoelectric elements llA and IIB and the 
transformation operation portions 8D and 8B are covered 
with a flexible material 6 and integrated with the thin film 

3Q piezoelectric substrate 8. The thin film piezoelectric 
elemente IIA and IIB each expand in a longitudinal direction 
thereof in the presence of applied voltage between the upper 
and lower sides thereof, depending on the value of the 
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voltage. The expansluEi of the thlii film piezoelectric 
alomflnts IIK and llB causes the transformation operation 
portions 6D and 8£ to be bent in a thickness direction 
thereof. Ae a result « the thin film plezoelootric 
5 substrate B is displaced in a direction perpendicular to 
a surfaoe of a magnetic disk« 

An upper side electrode 9A and a lower side 
electrode 9H made of platinum are provided on the upper side 
10 and the lower side of the first thin film piezoelectric 
element llA. reapactlvely. Similarly, an upper side 
electrode 9A and a lower side electrode 9B made of platinum 
are provided on the upper side and the lower side of the 
second thin film piezoelectric element IIB, respectively, 

T5 

Ab shown in Figures 15 and 17, three terminal 
portions 13A, 13B, and 13C are provided on the lower side 
of the fixed portion 8C of Lhe thin film plezoeleuLrlc 
substrate B in such a manner that the three terminal 

20 portions ISAi 13B, and 13G are exposed Irom the Ilexlble 
material 6. The pair of the terminal portions 13A and 13B 
are attached to end portions (at the base portion 4A side) 
of the respective lower side electrodes 9B- The terminal 
portion 13C la connected to a short member 14 which 

25 electrically shorts the end portions of the upper side 
electrodes 9A, 

As shown m Figure 14, a. first conductor pattern 12 
composed of four conductor lines lih through 12D is provided 
30 on the upper side of the thin film piezoelectric substrate 8 
so as to transfer a recording and reproducing signal to and 
from the head one end of the four conductor lines 12A 
through 12D are connected to respective terminals 2A 
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through 2D of Ihe slider 2 provided on Lhe upper side of 
the slider support portion SA of the thin film piazoeleotrio 
substrate 8. 

5 A pair of the conductor lines 12A and 12B of the 

first oonduotor pattern 12 are drawn to tho base portion 4A 
side via the transformation operation portion BO and the 
fixed portion ec of the thin film piessoelectric substrate 8 . 
The other pair of the conductor lines 12C and 12D of the 
10 first oonduotor pattern 12 are drawn to the base portion 4A 
side via the trans format. Ion operation portion BE and the 
fixed portion 8C o£ the thin film piezoelectric 
substrate 8- 

15 The four conductor lines 12A through 12D drawn to 

the base portion 4A side of the thin film piezoelectric 
Riihstrate 8 pass through a conductor portion 12E of the 
first conductor paLLerii 12 and reach a terminal holding 
portion 12F, and are connected to respective externally 

20 connected terminals 12A' through 12D' on the terminal 
holding portion 12F (Figure 12). 

As shown In Figure 16, the four conductor lines 12A 
through 12D are fixed to the upper side of the thin film 
25 piezoelectric substrate 8 using the flexible material 6- 

Raf erring to Figure 12, a second conductor 
pattern 7 Is used to drive the first and second thin film 
piezoeleotrio elements llA and IIB provided on the lower 
30 Bide of the tnin film piezoelectric substrate a . The second 
conductor pattern 7 includee three conductor lines. One 
end Of the conductor lines are connected to respective 
internally connected terminals 15A through 15C. The three 
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Internally coxiueutc^d terminals ISA through 15C are 
connected to respective terminal portions 13A through 13C 
(Figxire 15) provided on the lower side of the fixed 
portion 8C of the thin film piezoelectric substrate B « The 
5 fixed portion 8C is fixed via a terminal holding portion 7A 
on the upper side of the beam portion 4G of the load boom 4 
as shown m Figure 4. 

AS Shown in Figure 12, the three conductor lines 
10 provided on the second conductor pattern 7 paee through a 
conductor portion 7C of the 55ficond conductor pattern 7 and 
reach the terminal holding portion 7B| and are connected 
to reapectlvft externally connected terminals 16A, 16B, and 
16C on the terminal holding portion 7B. 

15 

A6 shown in Figure 11, the terminal holding 
portion 12F of the first conductor pattern 12 and the 
terminal holding purLlou 7B of Lhe seooxxd poxiduuLur 
pattern 7 are attached to one edge portion of the base 
20 portion 4A of the load beam 4, being arranged side by side 
in the longitudinal direction of the load beam 4, 

Operation of the thuB-oonstructed head support 
mechanism 200 will be described with reference to 
25 Figures IS through 27, 

Referring to Figures 12, 15 and 17, the upper 
electrodes 9A provided on the upper sides of the first and 
pecond thin film pleaoeleotrio elements llA and llB are 
30 grounded via the short member 14 . the terminal portion 13C, 
and the internally connected terminal ISC and the 
externally connected terminal 16C of the second conductor 
pattern 7. 
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Purthor, a voltaga V ie applied to tha lower 
©leotroae 9B joined with the lower side of the first thin 
film piezoaloetrlc element llA, via the externally 
5 connected terminal 16A and the internally connected 
terminal ISA of the second oonduotor pattern 7. Further, 
a voltage zero la applied to the lower electrode 9B joined 
with the lower side of the second thin film pieaoelectrlc 
element IIB. via the externally connected terminal 16B and 
10 the internally connected terminal ISB of the second 
conductor pattern 7 and the terminal portion 13B. 

Therefore, the voltage V between the upper Aide 
©leotrode 9A and the lower side electrode 9B is applied to 
15 the first thin ft im piezoelectric element llA- As a result , 
the first thin film piezoelectric element llA expands in 
a longitudinal direction thereof (indicated by arrow Al In 
Figure 18). 

20 In this case, since the transformation operation 

portion 8D of the thin film piezoelectric eubstrate 8 
provided on the first thin film piezoelectric element llA 
is made of stainless steel or the like, the rigidity in an 
expanding direction (indicated by arrow Al in Figure 18) 

25 of the transformation operation portion 8D is increased . 
Therefore, the transformation operation pox Lion 8D of Lhe 
thin film piezoelectric substrate 8 provided on the first 
thin film piezoelectric element -llA is bent due to a bimorph 
effect in a direction away from a surface of a magnetic disk, 

30 i.e. In Buch a manner as to project toward the thin film 
piezoelectric clcmenta llA and llB side. 



In contrast , a voltage is not applied to the second 
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thin film piezoelectric element IIB. Therefore, ahawn 
in Figure 19, the second thin film piezoelectric 
element IIB and the transformatign operation portion 8B of 
the thin film plesoelectric substrate 8 provided on the 
5 second thin film piezoelectric element llB are not 
substantially bent* 

Referring to Figure 20, when the traneformation 
operation portion m is Dent, the length in the longitudinal 

10 direction o£ the tranaformation operation portion 8D| which 
is projected onto the same plane as the transformation 
operation portion BE which la not bent, la shorter by a small 
displacement 6l than the length of the transformation 
operation portion 8E which is not bent. Therefore, the 

15 slider support, portion 8A of the thin film piezoelectric 
substrate S ia rotated by a ©mail amount in the yaw direction 
indicated by arrow A2 in Ptgiire 20, while the slider 2 and 
the slider holding plate 103 are also rotated on the 
dimple AG (Figure 12) by a small amount in the same 

20 direction. 

In contrast, when a voltage zero is applied to the 
lower side electrode 9B provided on the lower side of the 
first thin film piezoelectric element llA and a voltage V 

75 is applied to the lower side electrode 9B provided on the 
lower side of Lhe second thin film piezoelectric; elemeat IIB « 
the transformation operation portion 8D of the thin film 
piezoelectric substrate 8 provided on the first thin film 
piezoelectric eleznent llA is not substantially bent, and 

30 the transformation operation portion 81 of the thin film 
piezoelectric substrate 8 provided on the second thin film 
piezoelectric element lis is bant. 
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Therefore, tlxe slider support portion BA of the thin 
film piezoelectric substrate 8 ie rotated by a small ainount 
In the yaw dlrsotion opDOSlte to the airection indicated 
by arrow A2 in Figure 20 . Ae a reeult , the slider 2 and the 
5 Slider holding plate 103 are rotated on the dimple 4G 
{Figure 12) by a small amount in the some direction. 

As dcsarifaed above, voltages having opposite phases 
are applied to tha resipectiva first and aaeond th1n film 

10 piezodlectrio elements llA and 115 so that tha head 1 
carried on thft slider 2 is moved with great precision by 
a small aisse of displacement corresponding to applied 
voltage, in a radial direction of a magnetic disk, i.e., 
a width direction of each track in the form of a oonoentrio 

15 circl© on the magnetic disk. Therefore, an on- track 
operation for causing tha head 1 to follow a tracX can be 
conducted with great precision. 

Note that the elastic hinge portions 8G and 8P 
20 connecting the slider support portion 8A and the 
transformation operation portions 8D and 8S of the thin film 
plezoelectrlo substrate 6 are designed Lo be mlnlmmn slises 
so that tha conductor lines 13A and 12B, and 12C and 12D 
of the conductor pattern 12 are provided on the respective 
25 elastic hinge portions 6G and 8F. therefore, a load 
required for rotation of the slider support portion 8A Is 
reduced y whereby the slider support portion 8A can be 
reliably rotated by a small lead. 

30 Further, when a load (20 to 30 mN) is applied to the 

slider 2 by the plate spring portions 4E and 4B of the load 
beam 4 (Figure 12) so that tha slider holding plate 103 IB 
rotated, such a load is also applied between the dimple 4G 
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ana the slider holding plate 103. Thexefore, frictlonal 
force determined by a £rlotlonal ooeffioient between the 
slider holding plate 103 and the dimple 4G is applied to 
the slider holding plate 103. Thereby, the fricstional 
5 force prevents the eiider noiding plate loa from ueing 
shifted from the dimple 4S, although the projection 
portion 103A of the slider noicimg plate 103 can be rotated 
on the dimple 4G. 

10 The some voltage ia applied to the first and second 

thin filmpieznelftfstri.o elements llA and IIB so afl tn operate 
in the same manner* Therefore ^ the first and second thin 
film piftssoelectrlc elements llA and IIB may be designed to 
be bent in the absence of applied voltage, arid voltages 

15 having opposite phases may be applied to the respeetive first 
and second thin film piezoelectric elements llA and IIB to 
drive tT:t6 first thin film piezoelectric element llA and the 
transformation operation portion dDi and the second Lhin 
film piezoelectric element IIB and the transformation 

20 operation portion 8E, 

In Bxaunple 2, a voltage Is applied to the thin film 
piezoelectric elements llA and IIB so that the thin film 
piezoelectric elements llA and llB are bent to become a 
25 convex shape. Alternatively, a voltage may be applied to 
the thin film piezoelectric elements llA and IIB so that 
the thin film piezoelectric elements llA and IIB are bent 
to become a concave shape. 

30 Note that the elastic hinge portions 8G and bf are 

each sufficiently flexible so that the slider 2 can be 
rotated in the roll direction ana the pitcn direction. 
Therefore, a floating characteristic of the slider 2 with 
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respect to a magnetic disk can T5e Improved by the air bearing 
due to the air bearing surface 2B« 

The dynamio oharaoteristios of the head support 
5 mecnanisni of the present invention win be describaa below. 

Figures 2XA and 21B and Figures 22A and 22B are 
schematic diagraxna illustrating two models of a head support 
mechanism. Figures 21A and 21B illustrata a haad i?npport 

10 mechanism i,n which the center of gravity G ol a small 
rotation portion including the slider 2 and the slider 
holding plate 3 is positioned between the dimple 40 and the 
head 1. Figures 22A and 22B illustrate th© head support 
mechanism 200 of Example 2 in which the center of gravity G 

15 of a small rotation portion including the slider 2 and the 
slider holding plate 103 substantially corresponds to the 
position of ths dimple 4G. 

When voltages having opposite phases are applied to 
20 the respective firsL and second Lhln film piezoelectric 
elements llA and IIB so that the transformation operation 
portion SD is ouuLracted and the transfcrniaLlcn opera tlcii 
portion BE is expanded, a tracking characterietic of the 
head 1 with rsBpect to a target track on a magnetic disk 
23 is greatly affected by the position of the center of 
gravity G. 

A description will be given of when the center of 
gravity € of the small rotation portion including the 
30 slider 2 and the slider holding plate 3 is positioned 
between the dimple 4G and the head 1 as shown in Figures 21A 
and 2IB. 
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As shQwn In Figure 21At when the transformation 
operation portion 8D and SB are oontraoted and Q3cpanded, 
respectively, forces Fl and F2 having opposite directions 
are generated in the clastic hinge portiona QG and 8F, 
5 respectively, in this case, the slider holding plate 3 can 
be freely didplaced in the contraction end expansion 
directions of trfiuisformation operation portion 8D and BE 
due to the dimple 40 provided on the load beam 4. On the 
other hand, the slider holding plate 3 is restrained in the 
10 bend direction o£ the transformation operaLloii portion 8D 
and 8E due to frictlonal fores- As a result, an angular 
moment Ma around the center of gravity G is generated by 
the forces Pi and P2, which acts on the slider 2 and the 
slider holding plate 3. 

15 

hs shown Ixi Figures Zlh and assuming that the 

distance between the center of gravity G and the dimple 4G 
Is Sa In a longitudinal direction of the beam portion 4C 
of the load beam 4, a reaction force Ra (:=:Ka/Sa} le generated 
20 to act the dlitiple 4G. The force Ra leads to transformation 
of the beam portion 4C of the load beam 4, Figure 21B 
scheiTidtlcally shows such a situation. 

As shown in Figure 21B, even if the slider 2 la 
25 rotated in the count arc lockwiee direction, the 
transformation operation portions 8D and 8E are transformed 
by the reaction force Ra so that the head 1 ie not moved 
over a predetermined amount- since the slider 2 and the 
Blidor holding plate 3 each have a maae, the alider 2 and 
30 the slider holding plate 3 have a delayed response to the 
transformation of the tranef ormation operation portions en 
and 8E. 
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Figures 24A and 24B are graphs showing the tracking 
oharaoterlstlo of the head support mechanism of Figured 21A 
and 21B with respect to a target tracJc of tiie head. 
Figure 24A Grhows gain chaxaoteristiosi and Figure 24D shows 
5 phase cnaracterlfltics . 

in Figures 24A and 24B, reference numerals Jl 
through J5 each indicate a resonance point when the thin 
film plezoelftfitrlc elements llA and IIB In the head support 

10 mechanism of Figures 21A euad 21B are driven « Jl iudiuaLey 
a ressonance point in a twist first-order mode of the beam 
portion 4C of the load beam 4 shown in Figure 23A. J2 
Indicates a resonance point in a twist second- order mode 
of the beam portion 4C of the load beam 4 shown In Figure 23B , 

15 J3 indicates a resonance point in a plane vibration mod© 
(Sway) of the beam portion 4C of Lhe load beam 4 shown in 
Figure 23C. J4 and J5 each indicate a resonance point in 
a resonance mode of the transformation operation 
portions 8D and SS of the thin film piezoelectric 

20 substrate e« 

From the view point of the dynainic characteristics 
of the head support mechanism, the frequencies in those 
resonancB modes are preferably Increased up to a sufficient 

25 frequency region such that the frequencies do not affect 
the positioning of the head. Since the resonance points Jl 
through J3 are charaaterietios which result from the 
structure of the load beam 4, there is necessarily a limit 
to the resonance frequency, ao that the resonanoo frequency 

30 cannot be greatly increased* Therefore, it is necessary to 
reduce the phase delay of responses of the resonance 
points Jl through J3, 



: 29 2C0: 23:43 



immm 



p, 34/1:2 



P24738 

- 44 - 

Figures 22A aild 22B are aiagraiDS lllu&traLluy Uhe 
hoad support mechanism 200 of Example 2 la which th© 
position of the center of gravity 6 of the small rotation 
portion including the slider 2 and the slider holding 
5 plate 103 sucstantially corresponds to the Bosition of the 
dimple AG, Afi ehown in Figure 22A, since the position of 
the center G of gravity substantially corresponds to the 
position of the dimple 4G, a reaction force Hb due to an 
angular moment Mb is not generated* Therefore, as shown in 

10 Figure Z2h, the displacement amounts o£ the transformation 
operation portions BD and 8E are converted to rotation in 
the yaw direction of the slider 2. The resultant respona© 
characteristics ara shown in Figures 25A and 25B. 
Figure 25A shows gain characteristics, and Pigtire 2 5B shows 

15 pna(5e cnaracterlstics. 

As shown In Figures 25A and 25B, since the position 
of the center o£ gravity S or the small rotation portion 
including the slider 2 and the slider holding plate 103 
20 aubetontially corresponds to the position of the dimple 40, 
an amplitude characteristic and a phase characteristic of 
resonance at a twist second-order mode resonance point 32 
can be improved and a parallel vibration resonance point J3 
is substantially aol present* 

25 

As described above, in the head support 
mechanism 200 of the present invention, the position of the 
center of gravity G of the small. rotation portion Including 
.the slider 2 and the slider holding plate 103 substantially 
30 corresponds to t&e poaltlon of the dimple 4G. Therefore, 
the head support mechanism 200 of tho present invention can 
achieve an excellent response characteristic when the thin 
film piezoelectric ©lements llA and IIB are driven at a high 
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frequency, 

Furtner. the slider 2 and tbe slider holding 
plate 103 arc supported on the dimple AG so as to rotate 
5 not only in the yaw direction but also in all othar direatlons . 
Therefore I a friction loss of the slider holding plate 103 
upon rotation can be greatly reduced, thereby making It 
possible to produce a great amount of displacement of the 
head 1 with a small driving force - 

10 

Further, the center position Ml of the air bearing 
surface 2B substantially corresponds to the center of 
rotation of the slider 2- Therefore, the head 1 on the 
slider 2 la not likely to be disturbed by a Irlctlonal Torce 
15 due to the viscosity o£ air, for example - 

Furthermore, the beam structure composed of the thin 
film piezoelectric substrate 8 and the thin film 
piezoelectric eleinsnts IIA and llB has a high level of 
20 rigidlLy In a direction indicated by arrow Al in FlHure 16. 
Therefore, the vibrational reeonanca point of the head 
support mechanism 200 can be structurally improved. 

Figures 26A and 26B are schematic diagrams 
25 illustrating a model of another head support mechanism 
according to ExamDle 2 of the present invention. The basic 
structure of the head cupport meahaniem ie the same as that 
of the above-described head -support mechanism 200 of 
Example 2 . Thus , the components of the another head support 
3U mechanism eure not herein described. 

The another head support mechanissm of Example 2 is 
characterized as showxi In Figure 2fiA in that the dimple 4fl 
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Is poslLiuned between the head 1 and ttie center of gravity 6 
of the small rotation portion Inoludlng slider 2 and the 
slider holding plate 103 where the small rotation portion 
rotates on the dlmplo 4G* 

5 

Voltages having opposite phases ore applied to the 
respective thin f^iira piezoelectric elements IIA and IIB so 
that the head 1 is displaced by a small amount toward a 
position of a target track. In this oaee, the 

10 tranaformiatlon operation portion BD of the thin film 
piazoalectric substrate 8 is contracted while the 
transformation operation portion SB thereof is expanded, 
thereby generating forces PI and P2 which act the elastic 
hinge portions 8G and 8F in the directions shown in 

15 Figure 

In this eaes, the transformation operation 
portions OD and BE can he displaced in the contraction and 
expansion directions. However ^ the slider holding 

20 plate 103 is rbsLxained Lii Iho bend dlrecLloix of the 
transformation operation portion 8D and 8E duo to 
frlctional force. As a result, an angular incmenl Mo around 
the aontor of gravity 6 is generated by the forces Fl and 
r2 , which acts on the slider 2 and the slider holding plate 3 . 

25 There Is a distance So between the center G of gravity and 
the dimple 4G, so that a reaction force Ro (»Mo/So) is 
generated to act the dimple 46* 

The reaction f oroe Ro leads to transf oirmation of the 
30 beam 4C of the load beam 4. However, as is different from 
the case of Figures 21A and 21B, the reaction force Ro acts 
on the head 1 in the desired direction of displacement, 
thereby promoting the movement of the head 1 due to the 
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rotation of the sliaer 2. THIS situation is shown in 
Figure 

Since the alider 2 and the slider holding plate 3 
5 each have a mass , tha jsl ider 2 and the sT1.6er holding plate 3 
eKhibit a charaateristic in which a phase leads an input 
signal instructing the movement of the head i. 

Figures 27A and 27B are graphs showing tracking 
10 charactdristios uf the head ^support nLsohanism of 
Figures 26A and 2fiB with respect to a target track o£ the 
headt Figure 27A shows gain characteristics, and 
Figure 27B shows phase characteristics. 

15 In Figures 27A and 27B, reference numerals Jl 

through J5 each IndLicatB a resonance point when the thin 
film piescelectric elements llA and llB in the head support 
znechanlsni of Figures 26A and 26B are driven. Jl indicates 
a resonance point in a twist first -order mode of the beam 

20 poxtloii 4C of the load beam 4 shown in Figure 23A. J2 
indicate© a resonance point in a twist second-order mode 
of the beam portion 4C of the load beam 4 shown in Figure 23B, 
J3 indicates a resonance point in a plane vibration mode 
(Sway) of the beam portion 4C of the load beam 4 shown in 

25 Figure 23C. J4 and J5 each indicate a resonance point in 
a resonance mode of the transformation operation 
portions 8D and SB of the thin film piCBOCloctric 
substrate B. 

30 The phase charaGteriatics of the resonance 

points J2 and 33 in Figures 27A and 27B each exhibit a 
laadlng phase, which is advantageous to the stability of 
the control. Further, if the peak values of the gain 
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characteristics of the resonance points J2 ana J3 are 
attenuated by a damper or the like {not shown) ^ more 
satisfactory control ciiaraoteristios can oe oDtained. 

5 In the anothar hftad support menhantfsm of Example 2, 

the dimple 4G is positioned between the head I and the center 
o-f: gravity G of the small rotation portion including 
slider 2 and the slider holding portloa 103 where the small 
rotation portion rotates on the dimple 4G. Therefor©, when 
10 a thin film pieisoelectrlu elejueiil; is driven at a high 
frequency, an ©acaellent response eharacterietie is obtained 
in operation. Further, a stable control characteristic Q&xt 
be achieved in spite of variations in the position of the 
center of gravity, 

15 

(Exaiiiyle 3) 

Figure 2B is a perspective view illustrating a head 
support mechanism 300 for use in a dlsK apparatus according 
to Example 3 of the present invention, viewed from a disk 

20 side. Figure 29 is an exploded, perspective view 
illustrating the head support meohaniem 300. Components 
similar to the corresponllntj components described in 
Example 1 are designated by the same reference numerale ae 
used in Example 1. The description of such components is 

25 therefore omitted. 

Referring to Figure© 28 and 29, the head support 
mechanism 30D nas a load beam 4, on a tip portion of which 
a slider 2 attached to a head I is eupported. The load 
30 beam 4 includes a square- shaped base portion 4A wnicn is 
fixed by beam welding to a base plate 5- The base portion 4A 
and the base plate 5 are attached to a head actuator arm 
(not shown). The lodd beam 4 includes a neck portion 4B 
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tapering from tne base portion ana a beam portion 4C 
extending straight from the neck portion 4B. An opening 
portion 4D is provided in the middle of the neolc portion 4B. 
In the neck portion 4B, portions on the opposite sides o£ 
5 thft opening portion 4D each function as a plate spring 
portion 4E. 

As shown Iji Figure 30, a head 1 Inuludlxig an MR 
slement is provided in a side of the slider 2 , Further, four 

10 terinlueils 2 A through 2D are dlapcsad In a transverse 
direction in the lower portion of the side of the elider 2. 
Furthermore, an air bear lug aurfaue 2fi la provided on an 
upper side of the elider 2, An air flow generated by a 
ro La ting magnetla disk Is passed In a pitch direction of 

15 the elider 2 (a tangential direction of a magnetic disk) 
so that an air lubricating film Is generated between the 
air bearing eurfeoe 2E and a magnetic disk. 

As shown in Figure 29, a flexure 307 having a head 
20 conductor pattern 306 is provided on the beam portion 4C 
of the load beam 4. A base material of the flexure 307 is 
stainless steel. The slider 2 carrying the head lis placed 
on a elider attachment portion 307X of the flexure 307, 

25 As shown In Figure 31, patterned conductors 306A, 

306B, 306C and 306D are provided on the flexure 307. A 
slider holding plate 303A is attached to a side oppooite 
to the slider 2 of thft slider attachment portion 307X. The 
outside shape of the slider holding plate 303A is formed 

30 along with the f lecture eubstrate 303 by etching . Further, 
a projection portion 303B is provided in the slider holding 
plat© 303A. The projection portion 303B contacts a 
dimple 4G which Is provided in the vicinity of the Lip 
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portion of the load beam 4 of Figure 2d. tub projection 
portion 303B Id preased fay the dimple 40 so that the slider 
noioing plate 30 3 a can be rotated on the dimple 46 in all 
directions . 

5 

The slider 2 of Figure 30 is attached to the slider 
holding plate 303A in such a manner that the center 
position HI of the air bearing surface 2B aubetantially 
corresponds to the dimple 46 of the load beam 4 of Figure 29 - 
10 An escternally comieutfsd Lexiiilnal holding* poxLluu 3077 is 
provided on the other end of the flexure 307 as Sfhown in 
Figure 29. The externally connected terminal holding 
portion 307V is disposed at an edge of the base portion 4A 
of the load beam 4. 

15 

As shown in Figure 29, a pair of regulation 
portions 4F are provided on the tip portion of the beam 
portion 4C, There is an appropriate gap between the 
regulation portions 4F and the slider holding plate 303A 
20 no Uiat the slider holding plate 303A can be rotated. Each 
regulation portion 4F extends straight from the tip portion 
of the beam portion 4C toward the base portion 4A. 

A thin film piezoelectric element 310 in Example 3 
25 is attached to thin film plesoelectric holding 
portions 309A and 308B of the flexure 307 (Figures 23 and 
31) • Figure 32 is a top view of the thin film plezoeleatrlc 
element 310. The thin film piezoelectric element 310 
inoludes a pair of elements 310A and 310B which are separated 
30 from each other. Figure 33 is a croes-aectional view of the 
thin film piezoelectric element 310- The thin film 
piezoelectric element 310 has two layers, i.e., first and 
second thin film plejsoelectrio elements 311A and 311B* 
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First and secoaa metal electrode films 312A and 312B are 
provided on upper and lower eidee of the first thin film 
piezoelectric element 311A. respectively. Tne first thin 
film pieaoeleotrio element 3HA is provided above th© 
5 second thin film piezoelectric element 3lia. similarly, 
third and fourth metal electrode films 312C and 312D are 
provided on upper and lower flirtea of-" tftft second thin film 
piezoelectric element 311B, respectively. The second 
metal electrode film 312B and the fourth metal aleatrodft 
10 film 312D are electrically shorted by a conductive 
adhesive 313. TTie entire thin film plessoelectrlc 
element 310 is covered with flexible coating resin 314, 
The coating resin 314 combines the thin film piezoelectric 
element 310A with the thin film piezoelectric element 310B. 

15' 

Figure 34 is a top view ol the flexure 307. 
Figure 35 1.s a cross-sectional view of the thin film 
piezoelectric element holding portions 306A and SOfiB of the 
flexure 307. taken along line X2-X2 shown in Figure 34, 

20 SubBtrates 315A and 3153 In the respective thin filfti 
piezoelectric element holding portions 3b 8A and 308B are 
formed at th© some Lime when a couducLor 306 Is formed and 
patterned by etching or the like, so that the material and 
thlckheiss of the substrates 315A and 315B are substantially 

25 identical to those of the conductor 306, and the 
substrates 315A and 31SB and the conductor 306 are provided 
on the same plane. The eubetrates 315A and 315B and the 
conductor 306 are covered with an insulating material 316 
Buch as polyimlde resin, A side of the substrates 315A and 

30 315B are exposed, to which side the thin film piezoelectric 
element 310 is attached, so that the adhesive strength 
between the thin film piszoelectrlc element 310 and the 
substrates 315A and 315B is secured. Figure 36 is a bottom 
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vi&w uf the flexure 307, as Is different from Figure 34. 

Figure 37 is a cross -sectional view Illustrating 
the thin film piOBOclcotric clement holding portions 308A 
5 and 306B attacnefl to the thin film piezoelectric elemant 310 
using azi adheaive 317. As shown In Figure 37, the thin £ilm 
plezoalectrlo element holding portions 310A and 310B each 
include a two layer structure composed of the first and 
second thin film p1 e?.oelectr1 c elftmAnts 311A and 3HB. 

10 

Aes shown in Figure SflA, the metal electrode 
film 312A (3X2C) is provided on a mono-crystal 
substrate 318 having a lattice constant close to that of. 
the first and second thin rilm piezoelectrio elements 311A 

15 and 311B. As shown in Figure 38B, the first thin film 
piezoelectric elei:[ieuL 311A (311S}« which l6 made of FZT or 
the like, ie provided on the metal electrode film 312A (312C) , 
Therefor©! the thin film piezoelectric element 311A (311B) 
is mono-* crys tally grown on the metal electrode film 312A. 

20 As shown in Fltiure 35C« the metal el £dcL rude film 312D (312D) 
is provided on the upper side of the thin film piezoelectric 
eldineuL 311A (311B}. in this case, th@ polarization 
direction of the thin film pieaoolectrie element 311A 
(311B) is uniformly a direction Indicated hy arrows A in 

25 Figure 38C, just after the formation of the fiJjn- The 
linear thermal expansion coefficient of the mono- crystal 
substrate 318 is higher than that of the thin film 
piesoelectric element 3ilA (311B}. 

30 Referring to Figures 3SA through 39G and ir^igure 40 , 

a method for producing the two loyer structure will be 
described. Figures 39A through 39G show a procedure for 
producing a two-layer structure of thin film piezoelectric 
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Blement formed on a mono-crystal substrate. Figure 40 is 
a flowchart ehowing a method for produolng the thin film 
piezoelectric element of Example 3 . as shown in Figure 39A, 
a first metal cleotroda film 312A, a first tiain film 
5 piezoelectric elsmant 311A, and a second matal elftctrodft 
film 312B are formed on a first mono-oryatal substrate SISA 
(Figure 40: S1301) . As shown in Figure 39B, a third metal 
electrode film 312C, a second thin film piezoelectric 
element 311B, and a fourth metal electrode film 312D are 
10 formed on a second moixo- crystal substrate 318B (Figure 40: 
S1302) - 

As shown in Figure 39C, the second metal electrode 
film 312B {Figure 39A) and the fourth metal electrode 

15 film 3120 (Figure 39B) are adhered to each other using the 
conductive adheaiv© 313 (Figure 40: S1303) . As shown in 
Figure 39D, the first mono-crystal substrate 318A of the 
mono-crystal substrate 316 is removed by etching 
(Figure 40s S1304), As shown in Figure 3M, the two-layer 

20 6 true Lure of the thin film piezoelectric elements 311A and 
311B are dry-etchad to b© in the form of the thin film 
piezoelectric element 310 (Figure 40: S1305). As shown in 
Figure 39F, a eurfaae of the second mono-cryetal 
substrate 316B on which the thin film piezoelectric 

25 element 310 is formed is covered with the coating resin 314 
so as to avoid corrosion of the thin film piezoelectric 
element 310 {Figure 40; S1306) • &e shown in Figure 39G, 
the still remaining second mono-crystal substrate 31BB 1b 
removed by etching to obtain the thin film piezoelectric 

3U element 310A (31DB) (Figure 40: S13G7). Note that the 
first metal electrode film 312B and the fourth metal 
fileetrnde film 312D are adhered to each other uaing a thermal 
melting technique using ultrasonic vibration. 
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Wot etching or the like other than dry etching can 
be used as a shaping method in the present invention. 

5 Referring to Pignra 29, one end of the thin film 

piezoelectric ©lament terminala 309A, 309B, 309C, and 309D 
provided in a middle of the flexure 307 are connected to 
the externally connected terminal holding portion 30 7 Y 
whiGh i.B connected to an external driving circuit- 
10 Referring to Figure 31, linkase portions 319A dxid 319B 
which link the respective thin film piezoelectric 
portions 30eA and 308B in the flexure 307 with the slider 
attachment portion 307X, are elastic hinge portions, 

15 Referring to Figure 41, formation o£ the electrodes 

la the thin film piezoelectric element 310 (310A and 310D) 
will be described, A positive voltage is applied to the 
metal electrode films 312A and 312C. The metal electrode 
films 312B and 3120 are grounded- Figure 41 is a diagram 

20 illustrating junction of the thin film piezoelectric 
element 310 (310A and 310B) and the thin f ilm piaiaoelectric 
terminal 309A and 309B at a position corresponding to the 
Y2-y2 croBB^seotion of Figures 32 and 34. A method for 
forming ground connection portions 320 In the thin film 

25 piezoelectric element 310 (310A and 310B) will be dftscribed, 
AS Shown in Figure 41, the first metal electrode film 312A 
and the first thin film pieaoeleotrio element 311A are 
etched (a first etching step) up to the upper surface of 
the second metal electrode film 312B . In the etched portion , 

30 the second metal electrode film 312B and the conductive 
adhesive 313 are removed by etching (second etching step) . 
Thareafter, the first metal electrode film 312A in the 
ground connection portion 320 is covered with the coating 
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resin 314. Finally, ground metal terminal fllniB 321 for 
ehorting the eeaond metal electrode film 312B and the fourth 
metal electrode film 312D are formed as a ground electrode. 

5 The ground metal terminal films 321 are connected 

via a bonding wire 324 to the respective thin film 
piezoelectric element termi.na i.s 3098 anoi 30SIC (Figure 34) , 
In the first electrode connection portion 322 (Figures 32 
and 41), part of the coating resin 314 is removed so as to 

10 expose the first metal electrode film 312A. Similarlyi in 
the fourth elfictrode connection portion 323 (Figures 32 and 
41) , part of the ooating resin 314 is removed so as to expose 
thfi f i rist metal electrode film 312A, As shown in Figure 41^ 
the first metal electrode film 312A in the electrode 

15 connection portion 322 and the electrode connection 
portion 323 in the electrode connection portion 323 are 
connected via the bonding wire 324 to the thin film 
plezoelec Lriu elBinents 309A and 309D, respeutively . 

20 The head support mechanism 300 having the thus- 

oonstructed thin film piezoelaotrio element will bo 
aescribed with reference to Flguxea 42 « 43A, 43B, 44A and 
44B- Figure 42 le a side view of tha head support 
iiiecheuiism 300. Figure 43A is an enlarged, cross -sectional 

25 View of the thin film piezooleetric element 310A (310B) of 
Figure 42 shown in the dashed circle. The thin film 
piezoelectric element terminals 309B and 309C (Figure 34) 
are grounded • Driving voltages are applied to the thin film 
piezoeleotrio element terminals 309A and 309D to drive the 

30 tnin film piezoelectric elements 310A and 

respectively, as shown in Figures 43B and 43C, Driving 
voltages having opposite phases with reference to a bias 
voltage VO are applied to the thin film piezoelectric 
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element terminals 309A and 309D. respectively. 
ConBistently-positive driving voltages are applied to the 
thin film piezoeleotrio elements 311A and 3iiB, 
respectively p As shown ±n Figure 43A, the thin film 
5 piezoelectric elamants 311A and 311H are contraatftd In a 
direction indicated by arrow B in the presence of applied 
voltage, in this case, however, the thin film piezoelectric 
element 310A (310B} is bent due to the substrate 315B 
OlSA). 

10 

The contraction and expansion of the thin film 
piezoelectric elements 311A and 311B cause the thin filin 
piezoelectric element holding portion 308A (308B) to be 
contracted and expanded, thereby changing a distance L 

15 between a border portion 303X (Figure 36) with the thin film 
piezoelectric element holding portion 30« of the flexure 
substrate 303 and the elastic hinge portion 319A and 319B 
of the flexure 307 (Figure 36) . At the some tlmC/ the bend 
of the thin film piezoelectric element holding portion 315 

20 l3 chancjed* leading to a change in the curvature of the thin 
film piezoelectric element holding portion 308. Such a 
curvature change leads to a change in the distance L. 
Therefore r the change in the distance L and the curvature 
change are combined. A driving voltage is applied to the 

25 thin film piezoelectric elemente 311A and 311B in a 
polarization direction A shown in Figure 38C, Therefore, 
the polarization of the thin film pieaoelectric 
elements 311 A and 31 IB are not reversed, so rnat 
character iat ice of the thin film piezoelectric 

30 elements 311A and 3ilB are not impaired. 

Figure 44A is a diagram illustrating rotati on of the 
slider 2 when the thin film piezoelectric element 310A ia 
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expandea diid the t&la film piezoelectric element 310B is 
contracted. Flguro 44B is a sohematio diagram of 
Figure 44A. when tne thin film oieaoelectric element aiOA 
i& expanded in a direction indicated by arrows E and the 
5 thin film piezoelectric element aiOB is contracted In a 
direction indicated by arrows Oi the slider i and the slider 
holding plata 303A are rotated in a direction indicated by 
arrow C on the dimple 4G contacting the projection 
portion 303B- Tharfifcre, the head 1 provided on the 
10 slider 2 1$ moved along a width direction o£ each track 
provided in the form of a concentric circle on a magnetic 
disk. Thereby, a high -precis ion on- track capability can be 
obtained. 

15 A load on the elastic hinge portions 319A and 319B 

upon rotation or the slider holding plate 303A Is reduced 
so that the slider attachment portion 303A can be reliably 
rotated, since the elastic hinge portions 319A and 31SB each 
have a minimum width required for provision of the patterned 

20 conductors 306A, 306B, 306C and 30eD (Flexure 31). 

A load (20 to 30 m) is applied to the slider 2 via 
the plate spring portion 4E (Figure 29) of the load beam 4- 
Wlxeu the slider holding plate 303A is rotated, such a load 

25 is applied between the dimple 4C and the slider holding 
plate 303A» Therefore, frictional force determined by a 
frietional coefficient between the slider holding 
plate 303A and the dimple 4G Is applied to the slider holding 
plate 303A. Thereby, the frictional force prevents tho 

30 Slider holding plate 303A from being shifted from the 
dimple 4G, although the projection portion 303B of tho 
slider holding plata 303A can be freely rotated on the 
dimple 4Q» 
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Referring to Figure 44B, a first beeuiB 3161 
consisting nf the thin film pieaoelectric element holding 
portion SOOA and the thin film piezoelectric element 310A 
5 and a second beam 3162 concisting of tha thin film 
piezoelectric element holding portion 3088 md the thin 
film piezoelectric element 310B are linked to the slider 
holding plate 303A in such a manner that the slider holding 
plate 303A can be restrained by the dimple 4fl and rotated 
10 on th© dimple 4G. The head i is provided on the slider z 
a distance F from the dimple 4G. 

The elastic hinge portions 319A and 319B arc each 
sufficiently f lexlhie such that the slider 2 can be rotated 
15 in the roll direction and the pitah direction. Therefore, 
a rioatmg characteristic of the slider z with respect to 
a magnetic di&k oan be made satisfactory » 

As described above, according to Example 3, a thin 
20 film piezoelectric actuator can ba achieved, in wnien a 
mono-crystal piezoelectric element hee a two-layer 
structure . whereby a great displacement can De ohtainea cy 
a small level of voltage » 

25 Further, the two-layer structure confers rigidity 

to the thin film p1 e»!oelectric element, thereby Increasing 
the resonance frequency of the actuator. Therefore, the 
driving frequency can be increased, thereby making it 
possible to obtain a high level tracking characteristic. 

30 

As descrlOed above, in the head support mechanlBm 
of the present invention for use in a disk apparatus, the 
head can be moved by a small amount with great precision 
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for tne purpose of tracKing correction and the like, and 
the head can be effectively moved by a small amount in 
rasponse to an applied voltage. 

5 Further, the head support Tnechanism of the present 

invention hae a simple structure in which thin film 
plezoelectrio elements are provided on a single side of a 
substrate, thereby reducing manufacturing cost by a great 
amount , 

10 

Furthermore, in the head support mechanism of the 
present Invention, the center of gravity of the small 
rotation portion Including the slider can b« optimized, 
thereby greaLly ameliorating a potential adverse resonance 
15 characteristic of the load beam. 

Various other modifications will be apparent to and 
can be readily made by those slcilled in the art without 
departing from the scope and spirit of this invention. 
20 Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth 
herein r but rather that the claims be broadly construed. 



